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of a particular age and sex as a percentage of a standard or base individual. Generally, the base is taken to be an adult male.
In the Sydenstricker-King, Prais-Houthakker, and Price models, expenditures per adult equivalent are expressed as a function of income per adult equivalent. The model is of the form, where E is expenditure on a particular commodity per household, Y is income per household, nj is the number of persons in a particular age-sex group per household, cj is the adult equivalent scale for the particular commodity, d j is the adult equivalent scale for income, a is the regression constant, and b is the income elasticity.
In this approach, a specific type of person is characterized by the set of weights ( c j )for each commodity, the set for the adult male being the unit vector. These weights are used to calculate the specific size of the household for each commodity; but the income of the household is divided by a measure using weights ( d j ) which represent a -general scale. Under the standard reauirem e n t~ of demand theory, the income or genera1 scale can be shown to be a weighted average of the specific scales for that individual (cramer, 165-67 ). In the Prais-Houthakker and Price ap-proach, household members are grouped into various age-sex categories so that the specific scales are stepwise discrete. The scales for a particular individual are viewed as being constant over a period of years, taking on new values at age thresholds. This stepwise specification is unnecessarily restrictive. Changes in household expenditure patterns may be a function of the individual member's biological and psychological growth, which is a continuous process. Price's estimates of the specific scales for six food expenditure groups indicate these scales vary significantly between age-sex categories. Another problem with the empirical application of the Prais-Houthakker and Price model is that it does not include socioeconomic characteristics of households which may be important in explaining household expenditure variation.
The alternative model described below attempts to resolve some of these problems. The adult equivalent scales are a continuous function of age. In the statistical model, household expenditures are expressed as a function of the number of adult equivalents in the household, household income, and a set of socioeconomic characteristics. This formulation has been widely used when information on age and sex is not available. Muellbauer has shown that this formulation is also appropriate when household utility is expressed as a function of the amounts of each good consumed per adult equivalent.
As stated earlier, in theory, the income coefficient can be shown to be a weighted average of the corresponding specific coefficients. The weights are budget shares. In practice, both sets are neither necessary to a proper specification of the Engel functions nor obtainable from the observed expenditure data. According to Forsyth, the restrictions on the parameters of the Engel functions prevent estimating simultaneously specific and income scales. Our model follows Forsyth, who indicated that the researcher need not postulate separate income and specific scales if he is interested in parameters that measure the total effect of an additional household member on household expenditures (Forsyth, .
The Alternative Adult Equivalent Scale Specification
The alternative adult equivalent scale specification draws upon Friedman and Blokland
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and Somermeyer who suggest specifying the scales as continuous functions of age and sex of the household members. In employing this suggestion, certain restrictions are incorporated into the scale function. The restrictions are designed to make the function approximate the way a particular individual affects household expenditure throughout his life.
Conceptually, an adult equivalent scale can be written as where A, is the scale value for commodity i for an individual j , of age aj, and sex sj. The scale is assumed to take the same value at age zero for males and females. After birth, the scale is allowed to be different for males and females. It may reach a local maximum (minimum) and then decline (increase) to some value at biological and psychological maturity (e.g., 20 years), remain constant until the climacteric years (e.g., 55 years), after which it begins to decline (increase) and finally becomes constant in old age (e.g., 75 years).
A major problem to be resolved if the hypothetical scale is to be parameterized involves the selection of a functional form consistent with available prior information. For the present analysis, two cubic functions were spliced together and actual age was rescaled to handle what would otherwise be a discontinuity between years twenty and fifty-five.
The following properties were hypothesized as desirable for the scale function (commodity subscript is suppressed):
where sj = 1 for males and sj = 2 for females; exists for a j 2 0 11. Property I indicates that male and female scales are equal at birth. The I1 through VII properties specify that the function be "well behaved" in maturing and climacteric years, but constant during maturity and old age. For ages 0 to 20 and 55 to 75, a cubic function permits incorporating the above properties.
To illustrate the procedure, assume the scale function for males age 0 to 20 is For a male between 0 and 20 years properties I, 11, and IV are relevant. The first sets Wol equal to E . The second imposes continuity and implies that at age 20 equation ( 3 ) becomes Property IV constrains ( 3 ) for a male at age 20 to be equal to 1:
Equations ( 4 ) and ( 5 ) contain four unknowns and can be solved for W 2 ,and W3,.
(6) Wsl = -. 1000 W l l -.00750(~-I ) , and ( 7 ) W3i = .0025 W l l + .00025(~-1 ) .
Substituting (6) and ( 7 ) into ( 3 ) and relabeling W l l as 6, the scale function for males 0 to 20 years of age is An equivalency-derived expression for females 0 to 20 years of age is For the age interval 55 to 75, the scale is assumed to be a monotone function of age. At age 75 it takes on the value p for males and v for females. The monotonicity condition sets W l l equal to zero. Incorporating these conditions yields equation ( At this point, the scale function consists of four cubic segments: two for males, [equations ( 8 ) and ( l o ) ] , and two for females, [equations ( 9 ) and ( 1 I ) ] . To resolve the discontinuity problem for ages 20 to 55 and over 75, actual age a, was rescaled to a*j in the following manner:
Summing the four equations across all household members and combining like terms yields equation (13), the total number of adult equivalents in a household:
where P, Q, R, S, T , U , and V are the weighted sums of rescaled ages of the household's members defined according to the conditions shown in equation (12). Thus, given the age-sex composition of the household P, Q, R, s, T , U , and V can be computed, while y , E , 6, 4, p , and v are scale parameters to be estimated.
Certain particular values or combinations of values of the adult equivalent scale parameters have special significance. For example, if the value of E , p , v, and y are all equal to 1 and 6 = 4 = 0 , equation (13) collapses to a household size specification. If p = v, 6 = 5, and y = I , sex of household members is unimportant in explaining household expenditure patterns. Furthermore, the sets of values can be grouped to produce testable hypotheses regarding age and sex of household members for food expenditure behavior.
The Data
Data from the 1955 and 1965 USDA household food consumption surveys were utilized. In both surveys, expenditures on food were recorded for a week each spring. The food expenditure variable in both surveys is the money value of food used at home. It included purchased food as well as food that was home-produced or received as gifts or payments for goods and services.
To facilitate comparisons with other published research, the scales were estimated for food groups similar to those used by Price. These food groups are total food, grain products, vegetables, beef and pork, milk, and fruits. Milk includes fluid milk and milk products but excludes butter. Unlike Price, our vegetables group includes dry beans, peas, and lentils. The other groups are identical to Price's groupings and are self-explanatory.
The 1965 USDA Household Food Consumption Survey reported actual age and sex of every person in the household, while the 1955 survey reported age-sex categories for household members. Since the actual age and sex of all household members is needed to compute P, Q, R , S, T, U , and V in (13) each household member was assigned an age and sex based on the age-sex category recorded for that member in the 1955 survey.
The Statistical Model
Parameters of the scale function are estimated by including in the household expenditure equation, i.e., where Ei is household weekly expenditure on the (ith) commodity, Y is household weekly income, A, is the number of adult equivalents in the household, and Ti is a proxy subsequently assumed to measure household tastes and preferences. The 1955 and 1965 USDA household food consumption surveys provided data on some socioeconomic variables which can be used for Ti. These include region and urbanization and the race, education, and employment status of the household's female head.
Price differences were assumed to exist between geographical locations. Since food expenditures are expected to increase with household size, the larger the household the more it will be affected by increases in the price of food. For example, the dollar increase in food expenditures resulting from a 10% increase in food prices will be greater for a four-person household than for a single-person household. As a result, interactions between the number of adult equivalents in the household with region (BA) and with urbanization (GA) were entered as independent variables in the regression model.
Specifications for the female head's race, education, and employment status in the Engel functions were considerably more difficult to rationalize. For example, do these (Sonquist, Baker, Morgan) suggested that the marginal propensity to spend on the six food groups varied by race (CY), education (DY), and employment status (FY) of the household's female head. Race of the female head also was found to interact with household size (CA). The addition of education (D) and employment status (F) of the household's female head as intercept shifters provided equations which had a lower standard error and with coefficients that more often a priori expectations.
Because the 1955 and 1965 USDA household food consumption surveys do not include the money value of each food item consumed away from the home, it was necessary to include a variable reflecting the number of meals eaten outside the home to adjust for different levels of home consumption. The variable (M) was defined as the percentage of meals eaten at home (i.e., number of meals eaten at home divided by twenty-one times household size).
A linear relationship was hypothesized between a household's expenditure on each food category and the interaction variables, income of the household (Y), the number of adult equivalents in the household (A), and the percentage of meals eaten at home (M). If the effect of adult equivalents is linear, it presumes that a change in food expenditure due to a change in household size is independent of the size of the household. However, Price's results suggest that the impact of an additional member on food expenditures decreases with an increase in household size. Therefore, the square of the number of adult equivalents (A2) and its interactions with region (GA2), urbanization (BA2), and race (CA2) were included as additional explanatory variables in the Engel functions. Thus, the function to be estimated is of the form,
Including the number of adult equivalents squared and the associated interaction terms as explanatory variables prohibits the use of ordinary or generalized least squares, because the estimates for the parameters of the adult equivalent scale function must be constrained to be equal for A i , and A i Z .A nonlinear regression algorithm using Marquardt's Compromise was employed to estimate the household food expenditure equations (Draper and Smith, p. 272-73).
The Results
In general, the results support the hypothesis that household size and composition are important in explaining variations in household food expenditures. The inclusion of additional socioeconomic variables to reflect heterogeneous tastes were also useful in explaining expenditure variations. The estimated interaction parameters between the socioeconomic variables and income and the number of adult equivalents suggest that the marginal propensity to spend on food declines with increasing education of the female head and employment of the female head outside the home. Holding all other variables constant, households residing in the South spent the least per adult equivalent, while households residing in the Northeast spent the most per adult equivalent on food. In addition, rural nonfarm residents spent less per adult equivalent on food than rural farm or urban residents. These relationships were consistent across nearly all of the food expenditure groups for both 1955 and 1965.
The coefficients of Ai (number of adult equivalents), income and M (the percentage of meals eaten at home) were at least twice their standard errors for every food group. The coefficients of the number of adult equivalents squared ( A i z )were negative and at least twice their standard error for every food group except in the 1955 equations for vegetables and grain products.
Statistical tests were conducted on the adult equivalent scale parameters presented in table 1 (see Chow and Fisher) . Results are presented in table 2. These tests indicate that sex and age of household members is statistically significant in explaining household food expenditure behavior. A test of the null hypothesis that sex and age is not important (household size specification) was rejected for every household food expenditure except fruits in 1955 (test 1).
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The 1955 Adult Equivalent Scales
The scale intercept term, e i , measures the increase in the number of adult equivalents in a given household due to the addition of a newborn baby. yi, p i , and v i measure the increase in the number of adult equivalents to a household due to the addition of an adult female (age 20-55), elderly male (age r 7 9 , and elderly female (age r 7 9 , respectively. e i , y i , p i , and v i can also be interpreted as the change in expenditure i resulting from the addition of a newborn infant, adult female, elderly male, and elderly female, respectively, in comparison with the change in expenditure i resulting from the addition of an adult male to a given household. This can be shown by taking the partial derivatives of Ei in (15) with respect to R , Q, U , and V and dividing those partial derivatives by the partial derivatives of Ei with respect to P.
As expected yi, e i , p i , and v i were positive for every food expenditure category, yi and p i are statistically significant in every food expenditure equation while e i was significant in every equation except beef and pork, and v i was not significant in the vegetables equation. ai and ( i were not significant in the vegetables, beef and pork, milk, or fruits expenditure equations suggesting that for these food expenditures the scale function could have been specified as a strict monotonic function of age from youth to maturity.
The scale intercepts, ei were below 1.00 and also below the corresponding adult female scale value in every food expenditure equation except milk. For fruits, a newborn child's impact was not significantly different from that of an adult male or female.
The adult equivalent scale for grain products varied dramatically with a child's age. For example, a newborn child increased the number of adult equivalents by 23% of an adult male in 1955, but by the age of 8, the number of adult equivalents increased to 104% of an adult male. This indicates that a household containing children will spend a higher proportion of their food budget on grain products than a household that does not contain children. Further it indicates that preteenage children increase expenditures for grain products more than any other age group. The yvalues for total food, beef and Note: TF is total food; V is vegetables; GP is grain products; BP is beef and pork; M is milk; F is fruits.
a Test was significant at the 95% level of confidence.
pork, and milk were significantly different from 1.00 (table 2, test 2a). These results indicate the impact of an adult female on household expenditures for total food, beef and pork, and milk is significantly less than that of an adult male. The elderly male and female scales also follow expectations. The statistical tests indicate elderly males increase household expenditures less on total food, and beef and pork than adult males, and that elderly females increase household expenditures less on total food, vegetables, and beef and pork than adult females.
In summary, the 1955 adult equivalent scales estimated for the six household food categories exhibit many of the same age and sex differences uncovered by Price.' Price concludes: "Important differences exist among the various commodities. Relative to adults, children are high consumers of milk and grain products but very low consumers of beef and pork. Total food expenditures for the males were generally higher than for females, with the exception of fruit. The scales generally showed females to be low consumers of those foods thought to be high ' The adult equivalent scales estimated in this study and those obtained by Price using the 1955 USDA household food consumption survey are not directly comparable. Price uses the average of the first male and female as the unit of comparison in deriving his scales and only the specitic scales are estimated. It is interesting to note, however, that the two approaches do yield some of the same conclusions.
in calories, such as milk and grain products. Retired couples generally spend less on food than the adults still in the working force, with the exception of fruit. Like females, they seem to have a higher relative preference for the low calorie foods" (p. 233).
The 1965 Adult Equivalent Scales
The standard errors were moderately lower for the 1965 compared to the 1955 adult equivalent scale parameters probably reflecting the difference in the quality of data on age and sex of household members between the two surveys. Comparing columns in table 2 suggests that the lower standard errors in the 1965 results produce a larger number of rejections of the null hypothesis.
The scale intercept values, E , ranged from approximately zero for grain products to 1.20 for fruits. The 1965 adult equivalent scales suggest a male child has less of an impact on expenditures for total food, vegetables, and beef and pork, but a greater impact on grain products than an adult male. In contrast, a female child adds less to household expenditures for total food, vegetables, fruits, and beef and pork, but adds more for grain products and milk than an adult female.
The difference in scale values for adult males and females indicates that females have less effect on expenditures for beef and pork, grain products, milk, and for total food than their male counterparts. The sex of household members was not significant in explaining differences in household expenditures for fruits and vegetables.
The statistical tests indicate that elderly males increase household expenditures less for total food, grain products, and milk and more on fruits than their younger male counterparts. Similar tests on the elderly female scale parameter indicate their impact on expenditures for total food, vegetables, and beef and pork are smaller than for adult females. The elderly female scale values for milk, grain products, and fruits were also lower but the differences were not statistically significant.
Comparison of the 1955 and 1965 Scales
It is quite difficult to compare the large number of parameters generated by the analysis and the results of the subsequent statistical tests. Differences in data quality and the large number of observations increase the costs of trying to pinpoint the precise reason for observed differences in specific coefficients. It has been impossible to estimate how much of the observed differences in parameters are due to the relatively lower quality of the 1955 data set. Generally, however, the results conform to expectations or hypotheses can be advanced to explain observed differences.
Figures la-lf give the general impression that the 1965 estimates are larger than their 1955 counterparts but that most are not significantly different. Fruits show the largest differences, grain products the smallest. Contrary trends are observed in milk and grain products for elderly males and newborn children. The elderly male parameter for milk decreased between 1955 and 1965. This undoubtedly reflects the association of dairy product consumption with cardiovascular problems.
Except for grain products, the 1965 scale values for an infant were higher than those from the 1955 survey. The increased expenditures generated by an infant probably reflect the movement toward expenditures on larger amounts of more highly prepared baby foods.
For an adult female, the 1965 grain product scale value was slightly lower than its 1955 counterpart. The difference in the estimated adult female scale can probably be attributed to an increase in weight consciousness between 1955 and 1965. In response, females have tended to shift away from relatively high calorie foods contained in the grain products subgroup to the relatively low calorie foods included in the fruits subgroup. For milk, the estimated €-value was significantly higher in 1965 than in 1955 (.63 compared to 1.05). The 1965 milk scale function remained nearly constant throughout youth for a male child, but declined throughout for a female child to the adult female value of .71 (figure le). For fruits, the 1965 scales are larger than those estimated from the 1955 data set. The increase in the availability of fresh fruits plus the increase in weight consciousness are possible explanations of the higher 1965 scale values.
Summary
This paper has demonstrated an alternative procedure for specifying and estimating adult equivalent scales. The major advantages of the procedure over previous methods are that the scales are continuous functions of age, and the impact of a household member on household expenditures are measured under ceteris paribus conditions. Data from the 1955 and 1965 USDA household food consumption surveys were used to estimate adult equivalent scales for six food groups. Generally the scales conform to prior expectations. For example, adult females consume less total food, beef and pork, grain products, and milk, and consume about the same amount of vegetables and fruits as adult males, and with the exception of fruits, elderly persons spent less on food than adults aged 20-55. Children were found to consume less total food, vegetables, beef and pork, but more grain products than adults.
The method also provided for tests of other important socioeconomic variables. Holding household size and composition constant, the marginal propensity to spend for food declined with the education of the female head and when the female head worked outside the home. Ceteris paribus, households residing in the South spent the least per adult equivalent, while households residing in the Northeast spent the most per adult equivalent on food. Rural nonfarm residents spent less per adult equivalent on food than rural farm or urban residents.
There are two areas in which further research is required. First, better methods of finding and testing the strength of interactions between income, household size and composition, and the household's socioeconomic characteristics are needed. Second, the adult equivalent scales were estimated without maintaining a consistent income scale. Even though this formulation has been advocated by some economists, more research is required regarding the theoretical and statistical properties of the adult equivalent scale parameter estimates generated from these models.
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